We conducted an evaluation of the efficacy and toxicity of radiotherapy for locally advanced stage III pancreatic cancer.
Introduction and Objectives
In Japan, pancreatic cancer represents the fourth leading cause of death due to cancer [1] . Recently, diagnostic methods and treatment technology for pancreatic cancer has been progressed; however, the mortality rate has not declined. At the time of the initial diagnosis, there are few patients who are resectable absence of the invasion of major vessels or the presence of distant metastasis. The three-year overall survival rate of the patients who were resectable is reported to be only 20% [2] . On the other hand, according to a report from approximately 10-years-ago, the median survival time of the patients who were unresectable was approximately between 6 and 13 months [3 -8] . Thus, regardless of the enforcement of surgery, the prognosis of pancreatic cancer is extremely poor compared to other cancers. For patients with unresectable pancreatic cancer, the benefit of the addition of chemotherapy to radiotherapy has proven [8, 9] ; however, the effect of the addition of radiotherapy to chemotherapy is unclear [10] . Regarding radiotherapy, due to the poor prognosis and insufficient cases of pancreatic cancer, high-quality evidences concerning the treatment strategy are scarce. 5FU combination radiotherapy has become one of the standard treatments, but the relevant supporting literature is dated. The purpose of this study is to retrospectively evaluate the efficacy and toxicity of radiotherapy for locally advanced stage III pancreatic cancer in our institution. body cancer is shown in (Figure 1 ). The dose constraints of the organs at risk were evaluated by a dose volume histogram. The restriction for the liver, kidney, and spinal cord were ≤ 30Gy, ≤ 20Gy, and ≤ 40Gy, respectively.
Evaluation and analysis
The objectives of this study were to evaluate the local control, overall survival, and toxicity. The patients were monitored for a follow-up every two to three months during the first year, and every four to six months thereafter. The majority of the patients were followed by clinical examination, CT scans, and laboratory data, including tumor markers. The local tumor response was evaluated using CT scan and the Response Evaluation Criteria in Solid Tumors (RECIST) [11] . Local tumor control was defined as a lack of any significant tumor regrowth on the follow-up CT. The cumulative survival rates and local control rates from the first date of treatment until the date of death or local recurrence were calculated using the Kaplan-Meier method. These were estimated from the date of the radiotherapy initiation to the date of event or the last follow-up. All analyses were performed using Prism v5.0f (GraphPad Software, Inc., USA). The grade of treatment toxicity was evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) v3.0. Acute and subacute toxicities were defined as occurring within six months after the radiotherapy, and late toxicities were defined at six months or later.
Results

Patient characteristics
A summary of the patients' characteristics is provided in Table 1 . The nine men and six women who comprised the cohort had a median age of 61-years (range: 42-85 years). At the time of the analysis, eight patients had died, and seven patients were alive. The median follows up was 7.8 months (range: 1. 
Methods and Materials
Patients
We retrospectively investigated 15 patients with locally advanced stage III pancreatic cancer who underwent radiotherapy with or without concurrent chemotherapy at our institution between July 2006 and April 2014. Written informed consent was provided from all patients following an explanation of the clinical stage and life prognosis, treatment goals, treatment schedule, other treatment options, and adverse events. The complete patient evaluation included a physical examination, blood counts, screening blood chemistry tests, and an electrocardiogram. The clinical TNM staging (UICC) was performed using chest and abdominal radiographs, chest−abdominal computed tomography (CT), and/or positron emission tomography (PET/CT) scans. This study was approved by the institutional review board of our institution.
Radiotherapy
We used a three-dimensional (3D) radiotherapy planning procedure with high-energy linear accelerators. Serial CT scans with 2.5-mm intervals were performed. Following the CT scan, the organs at risk (i.e., duodenum, liver, bilateral kidney and spinal cord) and target outlines were drawn. The gross tumor volume (GTV) was defined as primary tumor and enlarged lymph nodes detected by CT scans and/or PET-CT scans. The irradiated clinical target volume (CTV) included the GTV and regional lymph nodes area (i.e., pancreaticoduodenal and celiac axis). The planning target volume (PTV) was defined by the CTV plus 1-1.5 cm margins for movement and uncertainties during the set up. We used 10 MV X-rays and multiple coplanar (two to four) fields. The number of fractions ranged between 20 and 28 in fractions of 1.8Gy/day, five days per week. A total dose of 36-50.4Gy at the isocenter of the PTV was administered to each patient. One representative case of the 3D radiotherapy planning for locally advanced pancreatic (47%); 8 tumors could not be diagnosed by biopsy or cytology and had been clinically diagnosed. Clinical diagnosis of malignancy was based on CT scan, or uptake on PET/CT scan. The median dose of radiotherapy was 50.4Gy. The 3D radiotherapy used four portals in 12 patients, three portals in 2 patients, and two portals in 1. Fourteen patients received chemotherapy during radiotherapy. The concurrent chemotherapy was TS-1 in 12 patients, gemcitabine (GEM) and TS-1 in 1 patient, and GEM in 1 patient. The GEM-based regimen had been administered to nine patients before radiotherapy as an initial treatment. The duration of prior chemotherapy was 3 to 6 months.
Survival and local tumor control
For a total 15 patients, the one-and two-year overall survival rates were 38.9% and 12.9%, respectively, and the six-month and one-year local progression-free survival rates were 59.4% and 0%, respectively ( Figure 2) . The site of the initial failure among the 15 patients is provided in Table 2 . During the follow-up, local progression occurred in nine patients (60%). Eight patients (53.3%) developed distant metastasis, six developed liver metastasis, one developed pulmonary metastasis, and one developed hilar lymph node metastasis. Two patients developed local progression and distant metastasis simultaneously. In all eight patients who had died, death was a result of disease progression.
Toxicities
Leukopenia and thrombocytopenia of CTCAE criteria the surviving patients. Four patients were lost to follow-up. The performance status was between 0 and 1 in 13 patients and 2 in 2 patients. The tumor stage was T4 in all patients. Unresectable and borderline resectable were 11 patients and 4 patients, respectively. The lymph node metastasis was N1 in 11 patients, and N0 in 4. The clinical stage in the UICC 8 th was III for all patients. The histological types were adenocarcinoma in 7 patients the chemoradiotherapy with TS-1 for locally advanced pancreatic cancer in Table 3 .
Unfortunately, both the one-year local control rate and progression free survival rate in our study were 0%, respectively. Local disease recurrence and distant metastasis occurred in nine (60%) and eight patients (53.3%), respectively. Moreover, both local disease recurrence and distant metastasis occurred in five patients (33.3%). Only three (20%) patients have experienced a period without local disease recurrence and distant metastasis. The most frequent site of distant metastasis was the liver in six patients (40%). The venous drainage from the pancreas flows to the liver via the portal vein. Therefore, distant metastasis of pancreatic cancer is most often liver metastasis, and our results are in line with this observation. A total of 9 (60%) out of 15 patients received chemotherapy before chemoradiotherapy and 8 (66.7%) out of 12 patients with local disease recurrence or distant metastasis underwent chemotherapy with gemcitabine prior to chemoradiotherapy with TS-1. Many of these patients were consulted regarding radiotherapy because chemotherapy was not effective in our institution. Thus, patients who underwent chemoradiotherapy as an initial treatment was less and chemoradiotherapy was performed under severe conditions. This is considered to be one of the reasons why the clinical outcomes of this study were slightly inferior as compared to previous reports.
Regarding to adverse events, three patients developed grade 2 leukopenia and one patient developed grade 2 thrombopenia. Six patients developed grade 1 gastrointestinal adverse events such as anorexia and nausea. No grade 3 or greater toxicities were observed in this study. Therefore, the results of this study indicate that radiotherapy with TS-1 and/or GEM is a feasible and relatively safe treatment option in locally advanced pancreatic cancer. As of the last follow-up, no severe late adverse events occurred in any of our patients.
In this study, we reported the clinical outcomes of locally advanced stage III pancreatic cancer at a single institution. Although this treatment option is feasible, the efficacy is not satisfactory. In addition, we have obtained similar results as other reports, with the exception of the particle beam therapy. With the appearance of some new anti-cancer agents, the survival period has been extended [23, 24] . However, compared to other cancers, the therapeutic effect remains poor. In the future, by combining radiotherapy and chemotherapy, we Grade 2 was observed in three (20%) and one (6.7%) patient, respectively. No other severe adverse events (≥ grade 3) have been observed in any of the patients as of the last follow-up.
Discussion
Chauffert, et al. conducted a randomized controlled trial to evaluate the use of chemoradiotherapy for locally advanced pancreatic cancer with Fluorouracil and Cisplatin and chemotherapy alone with Gemcitabine; the authors reported that the survival time of the chemotherapy alone group was significantly better than chemoradiotherapy group in 2008 [12] . Furthermore, the incidence of severe adverse events was significantly higher in the chemoradiotherapy group. In contrast, Loehrer, et al. conducted a randomized controlled trial to investigate the use of chemoradiotherapy with Gemcitabine and chemotherapy alone with Gemcitabine. They reported that the survival time of the chemoradiotherapy group was significantly longer than the chemotherapy alone group in 2011 [13] . Regarding adverse events, the incidence of grade 3-4 did not differ between the two groups. As described above, it is not possible conclude the superiority of either chemoradiotherapy or chemotherapy alone at this time. Therefore, currently the first line treatment for locally advanced pancreatic cancer has recommended the administration of chemoradiotherapy or chemotherapy alone. In our experience, chemotherapy alone has been widespread in clinical practice and there are less opportunities to implement radiotherapy with or without chemotherapy for locally advanced pancreatic cancer. This study included only 15 patients in eight years however with such a small sample size, the number of patients that can receive radiotherapy are minimal, and similar published reports also involve small sample sizes.
From the 15 patients included in this study, the one-year overall survival rate and median survival time were 38.9% and 10.8 months, respectively. The median survival time of the patients with locally advanced pancreatic cancers that received chemoradiotherapy or radiotherapy alone or chemotherapy alone was found to be between 5.7-16.8 in a previous randomized controlled study [8] [9] [10] [12] [13] [14] [15] [16] . In particular, the results of the median survival time with chemoradiotherapy with TS-1 had been 11-16.8 months [17] [18] [19] [20] [21] [22] . Our study included 12 patients with TS-1 and a median survival time of 10.8 months, which is slightly inferior compared to previous reports. We summarized previous reports of 
